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Morphing as a Tool for Exploring
Affective Product Shapes.

Fierce competition in an increasingly fragmented market forces new products to be
developed in rapid cycles for very specific groups of target customers. Automobiles,
which used to spend five to seven years in development, are now developed in
three to five years. For the highly competitive consumer electronics market, the
situation is much worse: a mobile phone is often given merely three months for
design and development. In many product categories, the market is flooded with
numerous products that are almost indistinguishable in terms of functionality, quality,
and usability. To stand out among such abundance of alternatives, a product must
appeal to the emotional needs of the customers. Affective responses evoked by
beautifully design product shapes are fundamental in addressing these
emotional needs.

Lin-Lin Chen
Chun-Chi Yeh
Brandon Wong
National Taiwan University of
Science and Technology
Kun-An Hsiao
Chang Gung University

In these competitive markets, designers face the constant challenge of developing
products that convey specific affective meanings within extremely compressed
development time. Existing computer-aided tools that assist designers only in
drawing and modeling no longer suffice. New tools at the concept design stage are
needed that allow designers to rapidly explore a large number of product shapes
and evaluate their affective appeals. By combining image morphing techniques from
computer graphics and perceptual mapping techniques from marketing and
psychology research, we propose a set of visualization tools for exploring affective
product shapes. To verify whether these morphing tools are useful in product design,
we investigate the following two questions:
1

What is the relationship between interpolated shapes and the affective
responses evoked by these shapes? As a product shape gradually changes
from one extreme shape to the other, does the affective response change in
predictive manner?

2

What is the best way for obtaining the interpolated shapes? Are the results
from two-dimensional (2D) image morphing as good as the results from threedimensional (3D) shape morphing?

Our investigation found that, as a product shape gradually morphs from one extreme
shape to the other, the affective response toward the shape does appear to change
in a fairly predictive manner. The interpolated shapes tends to linearly interpolate the
“emotional” and “rational” responses, but the interpolation scheme introduces certain
degree of inconsistency to the interpolated shapes, leading to more “complicated” or
“traditional” images. The implication is that morphing techniques could potentially
become a viable tool for exploring a large number of product designs, but not as a
tool for generating new product design directly. Rather, a feasible scenario is for
designers to mix existing products with desirable affective characteristics and then
fine-tune the results. The designers can experiment with different mixtures to arrive
at product shapes that evoke specific levels of affective responses. As the resulting
shapes will usually be more complicated than desired, the designers will need to
make simplification to the interpolated models. Our investigation also shows that the
best way for obtaining the interpolated shapes is the hybrid method, in which
designers build 3D models of the products, obtain realistic computer renderings
of the products with identical view point and rendering conditions, and then
apply 2D morphing programs on the computer rendered images to obtain the
interpolated shapes.
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Morphing as a Tool for Exploring Affective Product Shapes
Introduction
Fierce competition in an increasingly fragmented market forces new products
to be developed in rapid cycles for very specific groups of target customers.
Automobiles, which used to spend five to seven years in development, are
now developed in three to five years. For the highly competitive consumer
electronics market, the situation is much worse: a mobile phone is often given
merely three months for design and development. In many product categories,
the market is flooded with numerous products that are almost
indistinguishable in terms of functionality, quality, and usability. To stand out
among such abundance of alternatives, a product must appeal to the
emotional needs of the customers. Affective responses evoked by beautifully
design product shapes are fundamental in addressing these emotional needs.
Figure 1 shows kettles, armchairs, and autos that evoke different affective
responses via their shapes.

Figure 1
Under intensive market pressure, designers face the challenge of developing
products that convey specific affective meanings within extremely compressed
development time. Existing computer-aided tools that only assist designers in
drawing and modeling offer little help in this aspect. New tools at the concept
design stage are needed for designers to rapidly explore a large number of
product shapes and investigating their affective appeals.
The basic idea of morphing is to obtain a series of shapes that interpolate
between two given shapes. Given two product shapes, we can obtain a series
of gradually changing shapes from one product to the other, for example, by

using an image morphing program, such as Elastic Reality from Avid. Figure 2
illustrates several series of shapes that we obtained by morphing coffee
makers, and by morphing a New Beetle to a BMW.

Figure 2
When examining the process of metamorphosis, we observe that changes,
appearances and disappearances in shape features lead to transformations in
the affective responses. The photo-realistic images produced by the morphing
program help to create realistic virtual prototypes that could be used as stimuli
to elicit reactions from target consumers, providing a way to investigate the
relationship between shapes and their affective meanings. By combining
image morphing techniques and perceptual mapping techniques from
marketing and psychology research, we propose a set of visualization tools
for exploring affective product shapes by combining existing products that are
successful in communicating certain affective meaning [Chen and Liang 2001,
Chen et al. 2003].
The idea of combining existing products to generate new product shapes is
not new. Previous work along the direction of applying morphing techniques to
product design includes the pioneering work of Chen and Parent on shape
averaging [Chen and Parent 1989], where wire-frame computer models are
“averaged” to create new shapes. However, Chen and Parent did not relate
shapes to the affective responses evoked by them. Hsiao applied morphing in
three dimensions [Hsiao and Liu 2002] in which new shapes are automatically
generated based on specifications of desired affective responses. This
three-dimensional approach is nevertheless limited in its scope of shapes,
because, in order to facilitate three-dimensional shape morphing, product
shapes must be parameterized with identical number of vertices, edges, and
surfaces, an extremely restrictive constraint.
In this paper, we aim to further examine the feasibility of applying morphing

techniques to product design. In particular, we seek answers the following two
questions:
1. What is the relationship between interpolated shapes and the affective
responses evoked by these shapes? As a product shape gradually
changes from one extreme shape to the other, does the affective response
change in predictive manner?
2. What is the best way for obtaining the interpolated shapes? Are the results
from two-dimensional (2D) image morphing as good as the results from
three-dimensional (3D) shape morphing?
To answer Question 2, we shall examine three different approaches to
morphing: 2D morphing based on product photos, 3D morphing using
computer models and hybrid 2D morphing using computer-generated images
from 3D models. Using the best morphing results, we will seek to answer
Question 1 by conducting surveys to investigate the relationship between
affective responses and the interpolated shapes.
Identifying Extreme Product Shapes
We selected armchair as the target product for our investigation, because of
its wide range of shapes and the availability of a large number of high-quality
photos. To investigate the applicability of morphing methods, we would like to
choose a few armchairs that exhibit strong affective characteristics, and
generate sequences of morphed shapes from these extreme shapes. We
make use of perceptual mapping techniques [Kruskal 1978; Schiffman 1981;
Young 1987] from marketing and psychology for determining the affective
responses evoked by product shapes, and for identifying the product shapes
that elicits strong affective responses.
We started by collecting a total number of 72 images of armchairs from books
and on the internet. All images were then scaled and converted to gray-scale
images with backgrounds removed, in order to eliminate possible influences
from colors and backgrounds. We next surveyed twenty subjects with design
background to collect 510 adjectives that were used by the subjects in
describing the affective responses invoked by armchairs. The 510 adjectives
were first reduced to 100 adjectives, after eliminating similar or unsuitable

adjectives.
We conducted a survey of 20 subjects to perform card sorting on the 72
armchair images and the 100 adjectives. The frequency data from the survey
were analyzed using cluster analysis methods to yield 12 clusters of similar
armchair images and 14 clusters of similar adjectives. We selected a final
collection of 20 armchairs from the 12 groups based on ranking data obtained
during the survey. We also identified 28 adjectives from the 14 clusters for
describing the affective responses to the armchair shapes. By consulting
related studies and references, we composed 28 bipolar adjectives. We then
conducted a semantic differential survey with the 28 bipolar adjectives and the
20 representative armchairs. A factor analysis of the survey data resulted in
three main factors: traditional-modern, rational-emotional, and simple-complex.
By using factor scores on these three main factors as coordinates for the 28
bipolar adjective and performing a clustering analysis on the bipolar adjectives,
we identified 7 additional pairs of adjectives to fully cover the range of
affective responses elicited by armchair shapes. These additional bipolar
adjectives are: truthful-exaggerated, dazzling-ordinary, cute-not cute, soft-hard,
streamlined-rugged, gorgeous-plain, and varied-monotonic.
To obtain the perceptual map, we conducted a third survey with 30 subjects,
in which the subjects are asked to rate each of the 20 armchairs according to
the degree each adjective describes the product shape. We then used a
multidimensional scaling program (MDPREF) [Schiffman 1981] to construct
the perceptual map from the data obtained in the survey, and to determine the
location of the vector corresponding to each pair of bipolar adjectives in the
perceptual map. The result is a perceptual map for armchairs, as shown in
Figure 3.

Figure 3.
In this map, each armchair is represented by a point, and each pair of
adjectives by a vector. The distance between any two points reflects the
perceived similarity between the corresponding armchairs. That is, if the
shapes of two armchairs are perceived to be similar, the points representing
them are placed close together. On the other hand, if they are perceived to be
dissimilar, the corresponding points are placed farther away from each other.
It is clear that five armchairs lie farthest away from the origin. Each of the five
armchair exhibits very strong and distinct character. We will use these five
armchairs as the source images in our subsequent studies on morphing
techniques.
Three Approaches to Morphing Product Shapes
The basic idea of morphing [Wolberg 1990] is to obtain a series of gradually
changing shapes that interpolate between two given graphical objects.
Depending on the type of objects to be interpolated, morphing techniques can
be classified into curve morphing, image morphing, surface morphing, and
volume morphing [Gomes et. al 1999]. Of the four, curve morphing is limited
to the interpolation of outlines, and volume morphing often suffers from not
being able to specify and maintain characteristic lines, which are very
important in product design. The other two approaches are more suitable for
our purpose. To generate photorealistic images of interpolated shapes, one
possible way is to apply image morphing techniques to 2D product photos.

Another possible way is to apply surface morphing techniques to realistically
rendered 3D computer models of the products. Yet another way is the hybrid
approach of applying image morphing techniques to 2D computer-rendered
images from 3D computer models of the products. In the following, we will
refer to these three approaches as the 2D morphing approach, the 3D
morphing approach, and the hybrid morphing approach, respectively.
For the 2D morphing approach, we started with product photos that had been
converted to grayscale and with backgrounds removed. We then used Elastic
Reality program from Avid for generating the series of shapes that interpolates
between two given images. To obtain good results, it is important that
accurate correspondences between shape features of the two products are
established before the morphing.
For the 3D morphing approach, we used Maya software package from
Alias/Wavefront for creating and morphing the computer models. The 3D
models were built as NURBS surfaces in Maya. Maya requires these models
to have the same structure, i.e., the same basic parts, the same number of
NURBS surfaces and control points. This rigid requirement places great
restrictions on the model building process and makes model building very
difficult. After much trials and errors, we arrived at a basic structure of the
back, the seat, and the two arms, with a total number of 24 surfaces and 1142
control points. The resulting computer models are rendered using Mental Ray
global illumination software package to generate near-photorealistic computer
images. Comparisons of the grayscale product photos and the computer
rendered images are given in Figure 4. With the availability of 3D computer
models, we use the Blend Shape function provided by Maya for generating
the 3D morphing sequences.
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For the hybrid approach, we still needed to build 3D armchair models before
computing the 2D morphing sequences. However, because correspondences
in 2D morphing are established through interactive specification of
corresponding features on images, rather than through the common structure
of models, there is much more flexibility on the structures of the 3D models.
This allowed the 3D models to be built in much shorter times (than those for
pure 3D morphing). In our case, the 3D models were built in Alias software
package and morphing was done using Elastic Reality. Figure 5 displays a
few series of shapes that we obtained by applying the three different morphing
techniques to pairs of extreme armchair shapes. The top, middle, bottom rows
show 3D morphing, hybrid morphing, and 2D morphing results, respectively.
A2D

A2E

B2D

B2E

Figure 5.
We observed that the 3D approach produces good morphing results. However,
because the models were built based on the basic structure of a seat, a back
and two arms, the interpolated shapes tend to be fragmented and appear to
be less integral. This effect is clear in the slightly disruptive transition from
right arm to back to left arm in the top rows of the sequences A2E and B2E.

The 2D approach encounters problems when some features are only partially
visible, e.g., the hole in armchair B creates problems in the bottom rows of the
sequences B2D and B2E. The 2D approach also can generate ambiguous
shapes when the two given photos differ greatly in camera view angles, e.g.,
in B2D. In this case, the morphing sequence interpolates not only the product
shapes but also the view angles, resulting in a simultaneously morphing and
rotating sensation. The hybrid approach appears to produce the best results
of the three approaches, taking advantage of the 3D models that allows both
armchairs to be oriented to the same camera view, and the 2D morphing
approach that allows correspondences between shapes to be specified
across individual components. The resulting shapes, as shown in the middle
rows of Figure 5, are sequences of shapes that are both realistic and
coherent.
Affective Responses Elicited by Interpolated Shapes
To investigate the relationship between the shapes and the affective
responses, we made use of the unambiguous models generated by the 3D
morphing approach. Ten morphing sequences between every pair of the five
extreme armchair shapes were generated. Each sequence consists of five
shapes, two original armchair shapes (corresponding to α= 0.0 and 1.0), and
three interpolated shapes (corresponding to α= 0.25, 0.50, and 0.75).
We then proceed to determine the trajectories or distributions of the
sequences of morphed shapes in the perceptual map for armchairs, by
conducting a survey with 30 subjects. We again used MDPREF to compute
the perceptual map showing the trajectories of the 10 sequences of morphed
shapes. The resulting perceptual map is illustrated in Figure 6.

Figure 6
We observed that the trajectories of the sequences of morphed shapes
generally follow a “V” curve. That is, when morphing between shapes
exhibiting an “emotional” image and a “rational” image, the in-between shapes
progress in predictive manner from “emotional” to “rational” but the
interpolated often appear to be more “complicated” or “traditional”.
Figure 7 shows the six sequences of shapes that interpolated
between product shapes with “emotional” and “rational” images. The
affective responses in terms of “traditional-modern” toward these
sequences of shapes are plotted in Figure 8; whereas the responses
in terms of the “emotional-rational” are plotted in Figure 9. As clearly
indicated by the V-shape curves in Figure 8, the interpolated shapes
appears to be more complicated, thus projecting more traditional
images. On the other hand, the curves in Figure 9 exhibit strong
linearity, indicating that the interpolated shapes changes from
“emotional” to “rational”, or vice versa, in fairly predictive way.
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Figure 8 (High values in the vertical axis indicate a more modern

image. Low values indicate a more traditional image.)
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Figure 9 (High values in the vertical axis indicate a more emotional
image. Low values indicate a more rational image.)
Discussions
Our investigation found that, as a product shape gradually morphs from one
extreme shape to the other, the affective response toward the shape does
appear to change in a fairly predictive manner. The interpolated shapes tends
to linearly interpolate the “emotional” and “rational” responses, but the
interpolation scheme introduces certain degree of inconsistency to the
interpolated shapes, leading to more “complicated” or “traditional” images.
The implication is that morphing techniques could potentially become a viable
tool for exploring a large number of product designs, but not as a tool for
automatically generating new product design. A feasible scenario is for
designers to mix and combine existing products with desirable affective
characteristics. The designers can then experiment and fine-tune the different
mixtures to arrive at product shapes that evoke specific levels of affective
responses. As the resulting shapes will usually be more complicated than
desired, the designers will need to make simplification to the interpolated
models to move the affective images to be more modernized. Figure 10
illustrates a comparison between an image generated by morphing two
automobile and the PT Cruiser. The interpolated shape exhibits proportions
similar to those of PT Cruiser. However, the PT Cruiser is clearly more
streamlined and simplified.

Our investigation also shows that the best way for obtaining the interpolated
shapes is probably the hybrid method, in which designers build 3D models of
the products, obtain realistic computer renderings of the products with
identical view point and rendering conditions, and then apply 2D morphing
programs on the computer rendered images to obtain the interpolated shapes.

Figure 10
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